PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



o 

H 



Application for 
Reissue of 



Patent of : 


Bradley C. Linden ) 
et al . j 




Patent No. : 


5,538,504 ) 


GrouD Art Unit : 

3306 


Appl. No. : 


269,936 j 




Filed 


July 1, 1994 ) 


Examiner : 


For 


INTRA- EXTRAVASCULAR ) 
DRUG DELIVERY CATHETER ) 
AND METHOD ) 


C, Maglione 




S13. 12-0036 ) 




TRANSMITTAL LETTER 



U>C3 

0 



"Express Mail" mailing label number: 

Date of Deposit : 



EL024157419US 
July 23, 1998 



Commissioner for Patents, Washington, D.C. 20231. 

Our check in the amount of $4598.00 for filing fee 
our chJck in the amount of $25.00 for Title Report 
Fee Calculation Sheet (in duplicate) 

Cu? -up copy of original patent and new claims 
comprising the following pages: 
1 Cover Page 

17 Specification and claims 
22 New claims 

, lliSnfofLslgneT^Teissue. Offer to Surrender and 

6 lZZ.ftor"fer of Original Drawings (auplicte, 
v! Order for Title Report (duplicate) 



1 , 
2 
3 
4 



Respectfully submitted, 
WESTMAN, CHAMPLIN & KELLY ^ 





.A. 



ICel^,' R^/No. 34,847 
1600 - Intfi!rn^ional Centre 
900 Second Aveni(e^outh 
Minneapolis, Minnesota 55402-3319 
Phone: (612) 334-3222 
Fax: (612) 334-3312 



JRK : smn 



FEE CALCULATION SHEET 



Attorney Docket No. 
313,12-0036 



Sxr : 



Express Mail No. EL024157419US 
Date of Deposit: July 23^ 1998 



The fees due for filing in the patent application of: 
Inventor (s) : Bradley C. Linden et al. 

Title INTRA- EXTRAVASCULAR DRUG DELIVERY CATHETER AND METHOD 

Are calculated as follows: 

Reduced fees are applicable based on the enclosed Verified Statement claiming Small 

Entity status. 



{Col. 1) 



(Col. 2) Small Entity 



Large Entity 



FOR: 


NO . FILED 


NO . EXTRA 


RATE 


FEE 


OR 


RATE 


FEE 


BASIC 
FEE 






$395 






$790 


TOTAL 
CLAIMS 


162 - 56 = 


* 106 


X 11 = 


$ 


X 22 = 


$2332 


INDEP 
CLAIMS 


22-4 = 


* 18 


X 41 = 


$ 


X 82 


$1476 


MULTIPLE DEPENDENT CLAIM 
PRESENTED 


+ 135 = 


$ 


+ 270 = 


$-0- 


* If the difference in Col. 1 is 
less than zero, enter "0" in Col. 
2. 


TOTAL 


$ 


TOTAL 


$4598 



Please charge Deposit Account No. 23-1123 in the amount of $ . This sheet is 

submitted in triplicate - 

X A check in the amount of $4598 . 00 to cover the filing fee is enclosed. 

X The Commissioner is authorized to charge payment of any patent application processing 
or filing fees under 37 CFR §§ 1.16 and 1.17 or credit any overpayment to Deposit 
Account No. 23-1123. A duplicate copy of this sheet is enclosed. 

Respectfully submitted, 

WESTMAN, CHAMPLIN & KELLY, P. A. 





JgfsAph/A, Ke'lly,yfee§. N< 
Lte>a600 - Incernation 



, 847 
Centre 

900 Second Avenue 

Minneapolis, Minnes<ife^ 55402-3319 
Phone: (612) 334-3222 Fax: (612) 334-3312 



JRK : smn 



Express Mail No.: EL024157419US 

PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Application for 

Reissue of: 



Patent of : 


Bradley C, Linden ) 
et al. ) 




Patent No . : 


5,538,504 ) 


Group Art Unit : 
3306 


Appl . No . : 


269,936 ) 


Examiner : 


Filed : 


July 1, 1994 ) 


C. Maglione 


For : 


INTRA-EXTRAVASCULAR ) 




DRUG DELIVERY CATHETER ) 
AND METHOD ) 




Docket No. : 


S13. 12-0036 ) 




TvqqirTaT aflflTfiNRK TO REISSUE, OFFER 


TO SURRENDER 




AND POWER OF ATTORNEY 




Commissioner of 


Patents and Trademarks 




Washington, D.C 


20231 





sir : 

SciMed Life Systems, Inc., owner of the entire right, title 
and interest, by assignment, in United States Letters Patent No. 
5,538,504, granted on July 23, 1992, hereby assents to the above 
referenced application for reissue and hereby offers to surrender 

said Letters Patent. 

SciMed Life Systems, Inc. hereby revokes all former Powers 
of Attorney and appoints the following attorneys and/or agents: 
Nickolas E. Westman, Reg. No. 20,147; Judson K. Champlin, Reg. No. 
34,797; Joseph R. Kelly, Reg. No. 34,847; Steven M. Koehler, Reg. 
No. 3 6,188; David D. Brush, Reg. No. 34,557; Robert E. Atkinson, 
Reg. No. 36,433; Theodore M. Magee, Reg. No. 39,758; Peter S. 
Dardi, Reg. No. 39,650; Deirdre MegleyKvale, Reg. No. 35,612; John 
D. Veldhuis-Kroeze, Reg. No. 38,354; Christopher R. Christenson, 



-2- 



Reg. No. P-42-413; and Todd P. Messal, Reg. No. P-42,883; with full 
power of substitution and revocation to prosecute said reissue 
application, to make alteration and amendments therein, to receive 
the patent, and to transact all business in the Patent and 
Trademark Office connected therewith. 

Pursuant to 37 C.P.R. § 373(b), SciMed Life Systems, Inc., 
a corporation certifies that it is the assignee of the entire 
right, title and interest in the patent application identified 
above by virtu of an assignment from the inventors of the patent 
application identified above. The assignment was recorded at Reel 

7184, Frame 558. 

Please direct all communications to Joseph R. — Kelly .., 
International Centre - Suite 1600, 900 Second Avenue South, 
Minneapolis, Minnesota 55402. Please direct all telephone calls to 
Joseph R. Kelly at telephone number (612) 334-3222. 

SCIMED LIFE SYSTEMS, INC. 



Date: ^ 7 ^ 



By: 




Luke R. Dohmen 



Its : Senior Patent Attorney 



United States Patent m 

Linden et al. 



US005538504A 
[U] Patent Number: 
[45] Date of Patent: 



5,538,504 
Jul, 23, 1996 



[54] INTR.\ EXTKAVASCULAR DRUG DELINTERY 
CATIJETER AiND METHOD 

[75] invemors: Bradlej C Lioden, Minneapolis; 

Donald F. Palme, n. Day ton; Peter T. 
Keith. Fridley; Robert E. Atkinson, 
New Brighion, all of Minn. 

[73] Assignee: SciMed Life Systems, Inc^ Maple 
Grove, Minn. 

(21 J Appl No-: 269,936 
[22] Filed: Jul. 1, 1994 

Reiated U.S. Application Data 

[63] Conunuation of 5cr. No. 913»227, Jul. 14, 19''2, abanfional. 

151] lot Cl.*^ A6LM 31/00 

[52] U,S, CI ^04/53; 604/164; 604/264 

[58] Field of Search 604/22, 46, 53, 

604/96, 280, 164, 264, 272-274; 606/159, 
167, 171, 191 

[56] References Cited 

U.S. PAI-ENT DOCUMENTS 
4^78,061 3/1986 Lemeta . 



5.236,424 8/1993 Inuan . 

HOKHiGN PATENT DOCUMENTS 
WO92/10142 6/1992 WTPO . 

Primary Examiner— Conine M. McDcmiotl 

Altomey, Ageni, or t'irm— Banks Hofer Gilson & Lionc 



[57] 



ABSTRACT 



A drug delivery catheter is provided which includes a 
caiheier comprised of an elongated tubular shaft with an 
inner lumen and a vessel puncturing clement which is 
housed in the lumen. The puncturing element has a retracted 
position such that it will not be in contact with the vessel 
wall as the caiheter is guided through the vasculature. The 
puncturing element also has a puncturing position whcic it 
protrudes radially outward of the catheter shaft and engages 
and punctures the vessel wall. The catheter is first inserted 
into the vessel to be treated and the puncturing element is 
positioned at the site in Ihc vessel to be treated. The 
puncturing element is then moved to its puncturing position 
and ihc inner surface of the vessel wall is punctured. A drug 
is then delivered through Ihc puncture. The drug may be 
delivered into either the vessel wall iisclf or to the outside of 
the vessel wall. 



56 Claims, 5 Drawing Sheels 
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LNTRA-EXTRAVASCULAR DRUG DELIVERY 
CATHETER AND METHOD 

STATEMENT OF RELATED APPLICA'nONS 

Tins applicadan is a coniinuatton of U.S. patent applica- 
tion Ser, No. 07/913,227. filed Jul. 14, 1992, now aban- 
doned, entitled *'Incra-extravascular E>nig Delivery Catheter 
and McLliixl," and assigned to ihe assignees of the present 
invention. 

BACKGROUNT) OF THE INVENTION 

The present invention relales to a drug delivery device 
and melhCKi for delivering a drug agent to a vessel or 
vessel -like lumen in the body. More particularly, the present 
invention relates to a drug delivery device and method 
wherein the dn:g agent is delivered to the vessel wall or to 
the ouuide of the vessel wall 

Obstruclivc atheroscleroue disease is a serious health 
problem facing our society today. This disease is the result 
of the deposit of fatty substances and ceils and connective 
tissue on the interior of the walls of the arteries. The build-up 
or aecumulalion of such deposits results in a narrowing of 
the inside dian»ter of the artery which in turn restricts the 
blood flow through the artery. This disease, wherein the 
opening or lumen of the artery Is narrowed, it> known as 
atherosclerosis and the accumulation is known as a lesion. 

One conunonly used procedure for treating an obstruction 
caused by atherosclerosis is a procedure known as coronary 
artery bypass graft surgery Cbypass surgery"). Although 
bypass surgery has been used with moderate success in the 
ucatnicnt of atherosclerosis, it is invasive and traumatic to 
the patient. 

One less invasive and traumatic procedure developed 
more recendy is coronary angioplasty. Coronary angio- 
plasty, and angioplasty in general, is a procedure in which a 
balloon is positioned in die inside of the artery at the site of 
t^*' -x;uuiulalion or lesion and inflated in order to dilate the 
atherosclerotic lesion and thus open the restricted area of the 
ancry. In order to advance the balloon to the lesion, the 
balloon is attached to Ihc distal end of a small diameter 
catheter, which includes means for inflating the balloon rrom 
the other end of the catheier. The catheter is maneuvered or 
"steered" through ihe patient's vessels to the :jitc of the 
lesion with the balloon in an un -inflated form. When the 
un- inflated balloon is properly posiiioncd at die Iesioa> Ihc 
balloon is then inflated to dilate the resliicted area. 

While angioplasty has been relatively successful in treat- 
ing coronary artery disease, restenosis of the treated site 
often occurs approsciraately 3 to 6 monihs following the 
procedure. It is believed lliai the primary factor in develop- 
ing restenosis is the healing that takes place after the injury 
caused by the intervention of balloon dilation procedure. 
The restenosis has close analogy to scar formation following 
vascular surgery in that the histologic result has a similar 
morphology. The histologic response is called myointimal 
hyperplasia. The process of myointimal hyperplasia consists 
of the migration of smooth muscle cells through the internal 
clastic lamina into the vessel lumen where ihey then prolif- 
erate. The net result is a thickening of the vessel wall. Over 
time, this thickening rc-cxrcludes or re-slcnoses the vessel to 
a point where it is clinically significant. That is, the blood 
flow through the vessel is diminished lo a rate similar to the 
rate before the angioplasty procedure. Tne occurrence of this 
seems 10 happen approxiraaicly 30-35% of the lime follow- 
ing an angioplasty to that specific site in coronary arteries. 
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Several aJlsmativc procedures have been alicmptcd to try 
CO affect ihe occuncncc or rale of Lbe resicnosis following 
iiiter^eauon lo ihe lesion site in Jh(! coronary arlery. These 
procedures have included the use of lasers, mecharical 
atherectomy devices, healed balloons, and inetal implant- 
able stenis. VViiile each of these, procedures has shown some 
success in dealing wiih the initial lesion, all have the similar 
problem of restenosis at a similar or even greater uccuircncc, 
Cuirent estimates of restenosis of the lesion site using these 
alternative procedures ranges between 40-50%. The lime 
frame of restenosis of all of these is generally from 3-6 
months after the piucedurc. 

Therefore, it appears thai ihis rc-stenoiic healing lesion 
area is independent of Ihe lype of intcrvcnuonal procedure 
used, Raihcr» it is a physiologic response to any type of 
injury brought to thai lesion site. Because of this interven- 
tion independent physiologic response, it is fell by many 
physicians tlial polenlially the best way to deal with rest- 
enosis would be by a pharmacologic means, such as a drug 
agent, targeted at the biochemical events that take place after 
injury. 

To date, most phannacobgic trials involve cither an oral 
or intravenously injected drug that is delivered throughout 
the whole body in hopes of trying to effect this small site in 
the arteries. This lype of pharinacologic treatment is known 
as a **systemic treatment" Some agents that have been tried 
in human cUnicals include: heparin, calcium channel block- 
ers, angiotensin converting enzyme inhibiton^ Omega-3 
fatty acids, and growth peptides. Other agents that may not 
have been tried in clinicals but arc of interest include 
thromboxane synthetase inhibitor, serotonin, growth factor 
inhibitors, growth factor analogs such as angiopcplin, 
antagonists. HMGCoA reductase inhibitors, platelet derived 
growth factor, inflammatory cell factors, platelet aggrega- 
tion inhibitors, and ihrombin inhibitors such as hirudin or its 
analogs. 

The mdication for use of most of these h^z been either in 
vi(ro<cn culture studies or animal studies. These studies 
have shown some effect on the smooth muscle cell prolif- 
eration and migration which are major components of the 
myointimal hyperplasia that takes place in the restenolic 
lesion. However, none of the systemic cnig delivery human 
trials to date has shown a major effect on the occurrence of 
restenosis. 

Bven though none of these agenis have been completely 
successful in the in-\'ivo human clinical Lriids, it is siill 
generally felt that one of these agents or some other new 
agent, if delivered locally and site specifically to the lesion, 
would still be able to reduce the proliferative response. One 
of the problems with systemic techniques is the inabihty to 
deliver a high enough concentration of the agent locally at 
the lesion in order to effect tlie pbysiolugic response. In the 
in-vitro and in-vivo animal studies whid» have shown some 
success, a high concentration of the agent was used. Thus, it 
is believed that if the agcni was delivered specifically to the 
site as opposed to systemically, the agent may be delivered 
at a high enough concentration lo truly effect the physiologic 
response. 

The reason many of these agents have not been used in a 
higher concentration in-vivo in humaiis is that many of the 
agenis may exhibit undesirable side effects. Thus, if a hiigh 
concentration of ll^e agenis is given systemically, they may 
have unwanted physiologic effects. Therefore, if the drug 
can be given with high concentrations locally to ihc vessel 
wall while minimizing the systemic amount of drug, ihc 
desired result of modulating the restenolic growth while 
preventing any unwanted systemic effects may be achieved. 
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There olhcr ways known lo date in in'jng lo cre^U: a 
siic spcciJic local delivery of drug to a site. One approach 
presently coniempla:ed is ihe use ofa perforated or sweating 
balloon. For example, a dnig delivery device is disclosed by 

WoliDsky, H., et al. in tlie article cnlidcd. Use of a Pcrfo- 
raied Balloon Catheter to Deliver Concentrated Heparbi 
Into ihe Wall ofa Normal Canine Artery, 1 5 JACC 475 (Feb. 
i990). This device is a percutaneous transluminal coronary 
angioplasty (PTCA) balloon with several miaoholes in the 
balloon for delivery of an agent during balloon dilatation. 
The drug is incorporated into the same fluid which is L :od 
to inflate tlic balloon. 

A disadvantage of available devices, such as the one 
disclosed by Wolinsky ct al., is that these devices cause a 
substantial blockage of blood flow in the subject vessel 
during the procedure. Thus, such devices may only be used 
for the fairly short time frame (typically, from one Lo two 
minutes), similar to the time Iramc of the actual angioplasty 
dilatation. 

Other available drug delivery devices are disclosed, for 
example, in U.S. Pat, No. 4,824.436 (Wdinsky) and U.S. 
Pat No. 4,636,1 95 (Wolinsky). These devices arc directed to 
a dual occlusion catheter in i^ich a balloon is inflated 
proximally and distally of the accumuladon or lesion ere- 
atiog a space for infusion of a drug. This dual balloon 
catheter creates a space for infusion of drug separate from 
the blood flow- This device, however, also can only be used 
for a short period of time because it occludes blood flow. 

In these types of devices where a balloon is inflated inside 
the vessel, some means for providmg perfusion through the 
catheter itself becomes important It is necessary in such 
devices that the device provide a large latitude in time over 
which the agent could be delivered. Devices which occlude 
blood flow may not pTDvide the necessary ladtude. Because 
the basic research into the biochemishy and physiologic 
events indicate that the initial events begin immediately after 
itgtjry and condnue intensely for several hours, it is desirable 
Tor the drug deHvciy system lo allow drug delivery for 
several hours to a day or two bcginnbg immediately after 
intcrvcntioa This research also points out that the inilial 
events subsequently create a cascade of events that ulti- 
mately lead to iniimal thickening. While these accumula- 
tions or lesions do not become apparent for several months, 
it is felt that if these initial e\'ents can be modulated, 
blocked, or even accelerated, then the subsequent cascade 
can be altered and a diminished overall thickening could be 
achieved. 

Some devices have been dcsij.'ncd which permit localized 
delivery of a drug agent while providing enhanced perf'usion 
capabilities. For example, the drug delivery catheter dis- 
closed in co-pcndine U.S. patent application Ser. No. 
07rau,U45 filed on Aug. 2, 1991, commonly assigned lo the 
Assignee of the present applicaiion, provides an inflatable 
perfusion lumen which provides significantly more perfu- 
sion area than previous drug delivery devices. The disclosed 
catheter and method also provides drug delivery pockets on 
the outer periphery of the perfusion lumen. The pockets 
allow the drug agent to be delivered site specifically for 
extended periods of time. 

All of the drug delivery devices discussed above, how- 
ever, require that the device rcniain in the vessel while the 
drug agent is being administered, it would be desirable to 
have a technique for delivering a drug agent locally without 
the need for the drug delivery device to remain in the vessel. 

To this end, some techniques have been proposed wherein 
a drug is delivered by a surgical procedure where a drug 
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iigcni is delivered to ihe outside of a vessel ^o be ircalcd. 
Studies have shown lhai during adminislration by implant- 
ing a coatroUed release device which surroiinds ihe vessel 
(periarteria) drug adtninistration) using dnjgs such as hep- 
arin-cdiylenevinyl acetate stgniftcanlly inhibited restenosis 
in an arterial injury model. See for example, Edelman et al, 
Proc- NalL Acad. Sci. U.S.A., 87, 3773 (1990); and Edeiman 
el iil., J, Clin. Invest, 39, 65 (1992). In these t>pes of 
procedures, access to ihc vessd is obtained by surgically 
cutting to the desired iocation in the vessd. Then the drug 
zgcal is maintained at the desired location by wrapping a 
band or cuff around the vessel with the agent being loaded 
into Ihc band or cuff. Although periarterial drug adnainislra- 
tion has shown some initial success in an animal model, this 
procedure used for delivering the implant has the obvious 
disadvantage of being very invasive. 

Therefore, it is desirable to have a drug delivery device 
capable of providing the necessary blood flow id the heart 
while the drug agent is being admiidstered, which can be 
removed after the drug agent has been delivered and which 
is substantially Jess invasive than presendy proposed tech- 
niques. 

Such a device may also be extremely desirable in other 
procedures whcic a drug is to be delivered to a specific site 
in a vessel For example, drug delivery devices rosy be 
useful in procedures where a drug or agent is used to 
dissolve the stenosis in an cSort to av(nd the use of angio- 
plasty or atherectomy procedures altogedier or to deliver a 
thrombolytic agent to dissolve a clot at the lesion site Such 
a device may also be useful in tlie Ineatujent of various 
disorders tnYol ving other vessels or vessel-like lumens in the 
body. 

It will be recognized firom this discussion that there is a 
need for a generic type of drug delivery system which 
cmpha^zcs phywcian control over the device and ageat The 
device should have flexibility as to the agent that is to be 
delivered and should be capable of deliveiing any number of 
agents (cither separately or at the same limeX or possibly 
also allow a change in the protocol of the delivery. It should 
also be flexible with respect to the lime frame over which 
these agents would be delivered. It would also be desirable 
to have a device which can be removed from the vessel 
while the drug remains in place at the desired location. 

Therefore, it is a primary* object of the present invention 
to provide a device and method which can contain a rela- 
tively high concentration of a drug agent in a selected 
portion of a vessel, such as a blood vessel. 

It is another object of the present invention to provide a 
device which can be removed after the agent has been 
delivered while the drug remains at the desired site- 
It is a still further object of this invention to provide a 
device which is flexible as to the drug and the number of 
drugs or combination of therapeutic agents which can be 
delivered as well as the lime frame over which they can be 
delivered, 

SUMMARY OF THE INVENTION 

'lb achieve these and other objects, the present invendon 
provides a new and unique drug delivery catheter and 
method which may be inserted into a vessel, such as a blood 
vessel. The drug delivery technique of the present invention 
includes a catheter which comprises an elongated tubular 
shaft with ail imier lumen and a vessel puncturing dement 
which is housed in the lumen. The puncturing clement has 
a retracted posilion such that it will not be in contact with ihc 
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vessel wall as the calheicr is guided through the vasculalurc. 
Tlic inner wall thai defines Lhc lumen -dCXs a.s a lesuaiul thai 
retains and holds lhc puncturing ekmcnt in its rslraclec 
position. The punciuxing element also has a puncniring 
position where it proinjdc5 outwardly of the catheter shaft 
and engages and punctures the vessel wall. The punctiuing 
element is configured such that it moves to the puncturing 
position when the rcsiraini provided by the inner wall of the 
lumen is no longer being applied. 

First, the catheter is inserted into the area to be treated. 
The puncturing element is then moved to its puncturing 
position and the inner fiurfaoe of the vessel wall is punctured. 
A dnic agent is then delivered through the puncture in the 
wall. The drug agent may be delivered either into the vessel 
wall ii5clf or outside of the vessel wall. Thus, the drug will 
remain at a treatment site and dilFose, preferably in a time 
released raamier to the treatment area. The drug will remain 
at the delivered site even after the drug delivery catheter has 
been removed from the vessel. 

In a preferred embodiment, the puncturing clement com- 
prises a needle which also functions as a tube to ddiver the 
drug. 

In a preferred crabodimcni, the techniques of the present 
invention involves the implantation of a biodegradable 
malciial loaded with the drag agent in close proximity to the 
extra vascular side of the vessel where the implant will 
remain and release the dmg agent over a period of time. 

The present invention provides a device and method for 
drug delivery in relatively high concentrations and which 
can be used in a relatively flexible time frame depending on 
the particular form of the drug being delivered. 

Additional objects^ advantages and novel features of the 
invention will be set forth in part in ilie description which 
follows and in part will become apparent to those skilled in 
the art upon examination of the following or may be learn by 
practice of the invention. The objects and cdvanlagcs of the 
invention may be obtained by means of the combinations 
parltculariy pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows side sectional view or an embodiment of the 
drug delivery catheter of the present invention. 

FIG. 2 shows an enlarged sectional view of the erabodi- 
raeat of FIG. 1. 

FIG. 3 shows an enlargexj section view of the cmbodimeni 
of FIG, I puncturing a vessel. 

FIG. 4 shows a cross-section of drug delivery catheter 
taken along line 4 — 4 of FIG. 6. 

FIG. 5 shows a cross-sccdon of the dmg del:ver\' catheter 
taken along line 5— -5 of FIG. 6. 

MG. 6 shows an cnlargtjd view of the puncturing area of 
the catheter of RG. 1. 

FIG. 7 shows a perspective view of a cam arrangement for 
the drug delivery catheter of the present invention taken 
along lines 7—7 of FIG. 8. 

FIG- 8 shows a side sectional view of a cam arrangement 
for the drug delivery catheter of the present invention. 

FIG. 9 shows a side view of another embodiment of the 
daig delivery catheter of the present invention with an 
inflatable balloon. 

RG. 10 shows a cross-section of the embodiment of FIG. 
9 along line 10 — 10. 

FIG. 11 shows an ojicning gauge for the catheter of the 

preseiu invcniion. 
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FIG. 12 shows another enibtx]im:;nL of ihe present inven- 
tion with ihe punciuring element in the retracted position. 

RG. 13 shows the catheter of th^ cinbodiiuent s:]Own in 
FIG. 12 with t>ie ptinctimng clement in the ptinetuiing 
position. 

FiG. 14 shows another embodimenl of the present inven- 
tion with the puncturing clement in the punciuring position. 

FIG. 15 shows another embodiment of a cam anangemcnt 
for the present invention. 

FIG. 16 shows an embodimenl of a manifold which can 
be used with the present invention. 

DETAILED DESCRIFnON OF THE 
PRF.FERKED EMBODIMENTS 

Referring now spccificalJy to FIGS. 1-5, a preferred 
embodiment of the daig delivery catheter 20 of Ihc present 
invention is illustrated. The drug deliver catheter comprises 
a tubular catheter shaft 21 which has a proxim?! end, 
coniitcted (o a manifoM 32, and a distal end. The distal end 
of the catheter 20 is intended to be inserted into and placed 
at the tTeatn:ient site in the wssel 23. The catheter shaft may 
be made of any suitable material such as a metallic tube 
(commonly known in the art as £ hypotube), a polymer 
raaterial, or polypropylene. An exemplary dimension for the 
shaft is a 4F (=0.053") but for coronai}' applications a size 
of 8F or smaller will be suitable. An exemplary length for the 
catheter shaft 21 is 5 1" but for coronary applications lengths 
from 15" to 60" are suitable. 

Referring to FIG. 4, the catheter shaft 21 includes a first 
lumen 24 and a second lumen 26. The first lumen 24 is used 
to house and guide the vessel puncturing element of the drug 
delivery catheter 20, The second lumen 26 is used to house 
a guidcwirc or fixed wire 28 ia order to advance the catheter 
to the desired location in a manner kiwwn in the art. In an 
exemplary embodiment, the first lumen 24 is "D" shaped 
and has a height h^, of about 0.022" and a width Wj^., of 
about 0.042" and the second lumen 26 has a heigl.u of 
about 0.01 6" and a width of about 0.023". 

In the illustrated embodiment, the vessel puncturing 
device comprises a needle 22 which is bent at its distal end 
to define a short U-shaped portion. When the needle 22 is 
bent into this U-shape, it is in a rctiaaed position. The bent 
needle 22 is positioned inside the first lumen 24 of the 
catheier shaft 21 such that the calhctcr 21 acts as a rcslraint 
holding the beni needle 22 in its retracted pasiiion. The bent 
tip 22a of the needie 22 defines the puncturing clement. The 
needle defines a tube txirough which the drug agent may be 
delivered. Thm, with this preferred embodiment, the needle 
22 functions as both the puncturing element aa well as the 
di-yo delivery means. Preferably, the needie 22 is joined to 
a thicker tube 25 which may be bonded to another slightly 
larger tube. In an exemplan' embodiment the needle 22 is a 
sharpened liypotubc with an OD of 0.008" and an ID of 
0-004". The needle 22 is bonded losing cynnoacr>'late to a 
poJyamide tube 25 with an OD of 0.018" and an ID of 0.01 6" 
and a length of about 10". Tne tube 25 is in turn bonded 
using cyanoacrylate to a hypotube haWng an OD of 0.014'* 
and an ID of 0.007" and a length of about 3.5'. 

The needle 22 is comprised of a material which will 
provide a ccitain degree of opening force when die tip 22a 
is bent towards a position parallel with the catheter shaft 21. 
The amount of opening force will also depend on the angle 
0 of the bend and the length L of the tip 22a. In an exemplary 
embodiment, the needle 22 is a stainless steel hypotube with 
an angle p in the completely opened or reiaxed position 
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hftiog about 30'' and ilie length L of the tip 22a being about 
6 nam. Suitable materials for the needle or hypotube include 
spring SLccl, stainless sieel, titanium, nitsr.ol, a polymer or 
copolymer or some con^bi nation of these materials. The ID 
of the ncedic 22 may vary from less tliaii 0.001" to about 
0 .131 " and have OD from-smaller than 35 gauge to about 6 
gauge. Exemplary OD's for the needle 22 for coronary 
applications arc torn 30 to 36 gauge. 

As illustrated in FIG. 6, the point of the tip 22a is 
preferably beveled al an angle 9 for varied cutting effects, in 
an exemplary embodiment, the angle 0 is about 25 ^ Patterns 
may also be formed on the sharpened end of the needle tip 
22a to optimize its cutting or puncturing properties. 

Il will also be recognized thai the lumen of the needle 22 
may have various shapes. In an exemplary embodiment, the 
shape of the needle lumen is round, bur the needle lumen 
may also be oval, rhomboid, trapezoidal, triangular, or 
rectangular. 

Although only a single needle is illustrated in this 
embodiment, the drug delivery catheter 20 may comprise a 
multitude of needles. 

Manifold 32 comprises an cxlcmal body which has a port 
communicating with the guidewire fomen 26 for the intro- 
duction of the guidewire 28 through the catheter 20. The 
manifold 32 also includes an actuator which commumcales 
with the needle 22 in such a way that a fluid can be dehvered 
through the lumen in the needle 22. The actuator may 
comprise for example a syringe 33 which may be used to 
infuse the fluid into the needle 22. A suitable syringe is a 
standard luer lock 5 cc syringe available from Beclon 
Dickinson. Hie infusion may also be accomplished by other 
methods such as an infusion pump or gravity. 

Referring to FIG. 16, a manifold 32 includes the actuating 
elcmcnL.Thc manifold 32 includes a manifold body 50 with 
grooves 51. A mating member 58 includes ribs 52 which 
slide into the grooves 5L The needle 22 (not shown in FIG. 
16) is bonded to Ibe end 54 of the member 58. A lock 56 
formed of members 56a and 56i bonded togelhcr locks the 
body 50 to the engaging member 58 as the lock 56 is rotated. 
Thus, the needle 22 will move as the member 58 is moved 

and then is locked in the desired position. 

As iUusuaicd best in FIGS. 3 and 6, the catheter shaft 22 
includes a window 30 near its distal end. When the distal tip 
22a of the needle 22 is positioned such thai it is distal of the 
distal portion of the window 30 (FIG. 2), the needle tip 22a 
is bent and housed completely within the catheter .<;haft 21 
ihus defining a retracted position for the puncturing clement 
As the needle 22 is pulled in a direction toward the proximal 
end of the catheter 20, the tip 22a of *he needle 22 will begin 
to protrude radially outwardly and outside the perimeter of 
the catheter shaft 21 through the window 30. As the tip of the 
needle lip 22^2 protrudes outwardly, it will move until il 
engages the inner surface of the vessel wall 23. Upon further 
movemenl of the proximal end of Che needle 22 in the 
proximal direction, the needle lip 22a will puncture the 
vessel wall 23 as illustrated in FIG. 3. 

As iilustralcd in FIGS. 2, 3 and 6» the present invention 
may also include a IroUcy which is used lo guide the needle 
22 back into the window 30 when the needle 22 is advanced 
forward to move Ihc needle 22 lo its retracted position. In the 
illustrated embodiment, the trolley includes a wire loop 34 
which surrounds the needle 22 and a plug 36 to which the 
wire loop 34 is attached. The plug 36 may be, for example, 
tubing filled with an adhesive. The wire loop 34 may be 
attached to the plug 36 by bonding or any other suitable 
method. The plug 36 acd loop 34 can move firecly in the 
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axial direction in the inner lumen 24 of the catheter shaft 21. 
The plug 36 niay also serve as a cani lo inhibit rotation of 
ihc nocdle 22. 

The location of the window 30 will be dclcnnir^cd by the 
specifx use contemplated for the device. In an exemplary 
embodimem used for coronar)' applications, the window 30 
will be 3 mm long and disposed about 20 mm finoni the distal 
tip of the catheter 20. It will be recognized, of course, thai 
the window size and location may vary for other applica- 
lions such as peripheral applications. 

As illustrated in FIGS. 7 and 8, the cathclcr 20 of the 
present invention may also iiiclude a plurality of cams 38 
which act as anti-rotation means for the needle 22. The cams 
38 may be bonded, to the hyporube and spaced at suitable 
distances apart. A suitable bond for the cams is cyanoacry- 
latc. In the illusirated embodiment, the cams 38 are 
D-shapcd and have a width of approximately 0.0418", a 
height of approximately 0.0223", a length of approximately 
0.0844" and an inner aperture for Lhc hypotubc needle 22 
having a diameter of approximately 0,019\ These cams 38 
may be made of a material such as platinum or PTFE or a 
combinatioo of a polymer and metals. With such materials, 
the cams 38 may aid in the visualization of the ..lovement of 
the needle dp 22fj on a flnwoscope. 

It will be recognized by those sfaTlcd in the art that other 
suitable anti-rotation means may be employed. Fur example, 
the needle 22 and lumen 24 may be provided with mating 
gears. FIG. IS iUustrates an embodiment where a gear 60 is 
bonded to the needle 22 and a mating gear 62 is formed in 
lhc tube 61. 

It will also be possible to coat the inner diameter and outer . 
diameter of lhc various tubes with materials such as teflon, 
silicone, or HPC to reduce friction between the sliding 
elements. 

Referring now to FIG. 11, the catheter of the present 
device may also include an opening gauge which is com- 
prised of a plurality of markers 64 disposed on the hypotubc 
22 and a marker 66 on the catheter sbzf: 2L ihese maricers 
may be made of a material such as platinuraand bonded to 
the respective tubes. In this manner, the tnaricers may be 
used to gauge the degree to which the lip tla of the needle 
has opened and penetrated the vessel It will be recognized 
that the plurality of markers may be disposed on the catheter 
shaft 21 and a single marjcer on the needle 22. 

FIGS. 9 and 10 Dlustraie another preferred embodiment of 
the invention which includes an inflatable balloon 38. Tlie 
balloon 38 is used to enable conuoUed ptacement^penetra- 
tion of the needle 22. The balloon 38 is placed distally of the 
window 30 in the illusirated enibodin)enL It will be recog- 
nized, of course, that the balloon 38 may also be placed 
proximal of the window 30. This ballo6n 38 will stabilize or 
hold the shaft 21 at the desired position in the vessel as the 
needle 22 is retraaed and opened to its puncturing position. 
The balloon 38 may also serve as a means for inducing 
hcmostasis in the site of the puncture or it may be used for 
dilatation before, during, or after the delivery of the drug, it 
will be recognized that the balloon 38 may also be used to 
perform PTCA or similar procedures. 

For the embodiment illustrated in FIGS. 9 and 10 which 
comprises the balloon 38, a third lumen is provided for 
inflating the balloon 38. FIG. 10 shows a cross-section of the 
catheter shaft which includes lumens 40, 42, and 44. These 
lumens 40, 42 and 44 may be used for a guide wire lumen, 
a lumen for the needle 22, and an inflation lumen for the 
balloon 38, respectively. 

It is also possible that the device may be coated with a 
material wMch will make the needle 20 delectable or 
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enhance its tlcicctabiliiy by intravascular ulaasound. The 
location or the coniponcnts of the dshvco' appai'dtiis can 
ihcn be deicrmincd with rcspea to one another via the use 
off a separate intravascular ulirasound probe, or a probe 
which 13 a component of the device itself. This will aliovv iho 
phyiiician to monitor the posidon of die needle as it enters its 
target site. Ii will also be recognized that the device may be 
coated with a material which will enable or enhance its 
visualization by melhods such as MRl, CT sumning, X-Ray, 
Gamma camera imaging, or PET scanning. 

The drug delivery catieter 20 of the present invention is 
used to deliver drugs to the desired ircalmcnl site as follows. 
The catheter 20 is guided to the site which is to be treated 
under fluoroscopy using standard PTCA guiding catheter 
and guidcwire techniques. The catheter 20 is advanced such 
that the window 30 is placed at the particular site where the 
drug is to be delivered. The hypotubc 22 is then puUed back 
such that the needle tip 22a exits radially outward from the 
window 30 and is inserted into the vessel wall 23. The 
needle tip 22^i is then moved further radially outward until 
the tip 22a is at the desired location. The needle may be 
positioned to deliver the drug: between the inner and out 
surfaces of the vessel wall 23; to the adventitial side or outer 
surface of the vessel wall 23; or between the tissue 27 
3uiToun(^ng the vessel wall 23 and the outer surface of the 
vessel wall 23. The drug agent is then infused into the 
desired location using the syringe 33 attached to the mani- 
fold 32. Since the catheter docs not block the flow of blood, 
ihc infusion may lake place over almost any desired period 
of lime. After the infusion is complete, the hypotube 22 is 
pushed forward to remove the needle lip 22a from the vessel 
wall 23 and to place the needle tip 12a into place within the 
distal Up of the catheter 20 parallel to the catheter shaft 21. 

The iUusiraled embodiments uses a needle which is in a 
retrograde position. Since the needle is angled in this retro- 
grade path, it is protected from being filled with flowing 
blood and causing dissection, and allowing the track to clot. 
It will, ^cvcr. be rccognixed by those skilled in the art that 
olha positions are possible. Fcr wAuiaple, Ihc needle may 
protrude directly radially outward or may even project in a 
forward direction toward the distal end of the catheter 20. 

FIGS. 12 and 13 show another embodiment of the drug 
delivery catheter of the present invention. In this embodi- 
ment, tic needle 72 is moved to the puncturing position to 
puncture the wall of the vessel 78 (shown in FIG. 13) by 
means of an intlaiable balloon 76. Inftaiion fluid is provided 
through an inflation pon 74. When the window 70 has been 
positioned at the desired location, the balloon is inOalcd until 
the needle has puncnire the wall. 

FIG. 14 shows another embodiment where the needle 72 
is moved by means of fiuid pressure being applied to a 
flexible flap 82 through a port 80. Tne drug being admin- 
isLcxed itself may take various forms. For exam pie, the drug 
may be delivered in the form of a polymeric rod or spike 
loaded with a drug which will be implanted next to the area 
which is to be Ucatcd. in Uiis form, the rod or spilce would 
be preloaded into the tip 22^ of the needle 20 and would be 
ejected from the needle 20 as fluid pressure is applied by 
means of the syringe 38 to the other end of the needle 20. 
The catheter 20 may also be used to inject microcapsules 
loaded with the drug which will be placed in close proximity 
to the area to be treated. The caiiicicr may also be used to 
deliver an emulsion of liposomes loaded with the dmg 
which will be placed in close proximity of the area to be 
treated. 

In these embodiments where the drug is cncapsuiatcd or 
loaded in a biodegradable inaicrial, the implants will remain 
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and release the dnig agent over a selecicLl period of lime 
aficr tiic caLheieT has been removed from Ihc vessel. The 
device, however, can also be used to deliver ihc dmgs in 
fluid for in high concentr^ition beiwiien Ihc outer wall of the 
vessel being treated and faay tissue which surrounds the 
vessel. A list of potential drugs which may be used with the 
present invention is provided below in Table \ , 



TABLE 1 



A Tjroaibolyijc 


A firagnicol oi a 




glj-coprotcm 


An And-thrombotic 


A recQmbiaaDt glycoproitin 


An AnU-piolifcralivc 


A fcacmoil o: a 




recombiTiajit glycoproiem 


An Anti-plaidu 


A CaAohydraHe or a 


ftrigmsDl thereof 


A Protein 


An Antiairhyihmic 


A Peptide 


A beta blocker 


A fragment of a 


A Liiidu3) channel btockcr 


rccotnbinant 




pcpddc/fuciein 




A fragmcat of a non- 


A v-^sodilaior 


recombinaat 




pcpddc/pfoidn 


A vasocon stridor 


Genetic tnatenal 


Atccoaibinaiii 


A& inorgamc icm or 


peptidc^otcb 


mixturc thereof 


A glycoprotein 





Other steps may be lised to further enhance the treatment 
provided by the present invention. For example, the needle 
can be healed or cooled to enhance the performance of Ihc 
device. The catheter can be used to deliver and activate hot 
or cold acdvated dmgs. 

The needle can also be made to vibrate ai various fre- 
quencies to enhance the pcrfonnancc of the device (i.e. to 
optimize dmg delivery). For example^ the catheter can be 
used to deliver and activate sonically activated drugs. 

ll is 2lso conceivable that the device may have a conduc- 
tion path for the conduction, transfer or pa.<«age of h'ght such 
that the device will deliver a predetetniincd wave length of 
hghl to a specific portion of the vessel or body cavi^, the 
vessel wall, or to a specific portion of the adventitia. Tne 
light may thea be used to deliver and activate light-activaicd 
dings. The catheter can be used lo deliver a substance which 
will carry the energy of light through wave lengths and/or 
energy transitions or which will deliver a substance which 
will cany energy through wave lengths and/or energy tran- 
sitions. 

The device cau also have selectively or non-seleclively 
magnetized ciemems or can be used to induce an electric 
charge or induce a magnetic field in a seleaed area The 
device can thcu he used to deliver and activate electrically- 
activated drugs. 

O'Jicr uses fot ilic caiheier of the present invention arc the 
delivery of a matrix to the exterior of a body lumen or cavity 
to structurally reinforce the area. A drug may be impregnated 
in this matrix aud delivered coincidental! y. The device may 
also be usee to deliver a material that can be hardened in the 
wall or on the adventitial side. The hardened material may 
be used to foiiu an exiravascular stent or an intravascular 
stent depending on the precise delivery location. 

fhc device may also be used to remove substances by 
using a vacuum in the needle lumen (m.iaosuction). 

Therefore, the device of the present invention provides a 
new and novel apparatus and technique which can be used 
to deliver drugs o: other materials in close proximity lo the 
exiravascular side of a vessel, in addition to providing 
ueatmcnt for coronary disease, the present invention may be 



11 



11 

used to LreaL other disorders invcK'ing lumens or lumen-like 
vtsscls in the body such an prosiaiilis, Ihc delivery of cancer 
chcmolhcrapeutics, and Lhe siic specific dehvco' of con- 
trolled release antibiolics for \ht Irealracr.t of pericardins, 
myccaidiiis, or endocarditis. 

The present invention mzy also be used for delivering 
agent*; lo lhe myocardium which have cardioprotective 
effects on myocardium exposed to a global or sub-global 
ischemic insult i.e. induced cardiologia during an "open 
heart" operation in which it is necessary to stop the heart and 
put the patient on cardiopulmonary bypass. Possible agents 
to be delivered include heat-shock proteins, hormones, ATP 
and its biochemical precursors, glucose or other metabolic 
carbohydrates. The treatment can allow the heart to recover 
function quicker after rc-pcrfusion by reducing the "myo- 
cardial stunning" that occurs due to global ischemia. 

The foregoing description of the preferred embodiments 
of the present invention has been presented for purposes of 
illustration and description. The disclosed embodiments are 
not intended to be exhaustive or to limit the invention to the 
precise form.s disclosed, and obviously many modifications 
and variatioi^ are possible in light of th'' above teachings. It 
is intended that the scope of the invention be defined by the 
foUoNving claims, including all equivalent 

Wc claim: 

1. A method of treating a vessel having a vessel wall with 
an inner surface, ihc method comprising the steps of: 

inserting a catheter having a vessel puncturing element 
disposed tbcrem into a substantially tubular vessel; 

positioning the puncturing element at the site in the vessel 
to be treated; 

restraining said puncturing element such that it is main- 
tained in a retracted position; 

placing said puncmiing clement in a puncturing position 
in which said puncturing element is no longer 
restrained; 

said puncoiring element automatically moving in a (fircc- 
tion substantially non-parallel with respca to a portion 
of said catheter that contains said puncturing element 
when said puncturing element is no longer being 
restrained, 

2. The method of claim 1 further comprising the step of 
puncturing the vessel wall with the puncturing element at the 
site to be treated. 

3. The method of claim 2 further comprising the step of 
delivering via a delivery means a drug outside of the inner 
surface of the vessel wall through the puncture in the vessel 
wall. 

4. 'ihe method of claim 3 wherein the step of delivering 
the drug comprises delivering the drug into the vessel wall. 

5. The method of claim 3 wherein the step of delivering 
the drug comprises delivering the drug to the outer surface 
of the vessel wall. 

6. The method of claim 3 wherein the step of d"Hvering 
the drug comprises delivery of the drug into tissue surround- 
ing ths vessel wall. 

7. The method of claim 3 wherein the siep of delivering 
the drug comprises the step of delivering a drug in a time 
release module. 

8. The method of claim 3 wherein the delivery means 
includes said puncturing clement having a drug delivery 
lumen and wherein the step of delivering the drug comprises 
delivering the drug through the drug dehvery luraen, 

9. The method of claim 1 wherein said drug comprises an 
anliprolifcralivc drug for the treatment of restenosis. 

10. The method of claim 1 wherein said drug comprises 
an antiproliferative drug for the treatment of vascular dis- 
ease. 
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U. Tr.c method of claim 1 v^hcrcin said drug comprises a 
spticific inliibiior of cellala: prolifcraiion. 

12. The method of claim 1 wherein said dnig comprises 
a specific inhibiior of thrombin. 

13. The method of claim 1 wherein said drug comprises 
a specific inhibitor of platfiMts. 

14. The method of claim 1 wherein said drug comprises 
a genetic nialerial. 

15. The method of claim 1 wherein said drug conipriiies 
a genetic material that when incorporated into cells results in 
the expression of therapeutic maierials. 

16. Tnc method of claim 1 wherein said drug is incorpo- 
rated irjto a time released nfatrix. 

17. A method of treating a vessel having a vessel wall with 
an mncr surface, the method comprising the steps of: 

inserting a catheter having a vessel puncturing element 
disposed therein into a substantially tubular vessel; 

positioning the puncturing element at the site in the vessel 
to be treated; 

inflating an inflatable compartment adjacent said p-flc- 
turing element to thereby apply an adjacent force 
adjacent said puncmring element to move said punc- 
turing element in a direction substantially non-parallel 
with respect lo a portion of said catheter that contains 
said puncturing clement, said adjacent force moving 
said puncmring element from a retracted position to a 
puncturing position. 

18. The method of claim 17 further comprising the step of 
puncturing the vessel wall with the puncturing element. 

19. The method of cl^ra 18 further comprising the step of 
delivering via a delivery means a drug outside of ihc inner 
surface of the vessel wall through the puncture in the vessel 
wall. 

20. The method of claim 19 wherein the step of delivering 
the drug comprises delivering the drug into the vessel wall 

21. The method of clam 19 wherein the step of applying 
said forte moves said puncturing clement a prcdeiermined 
distance such that said drug is delivered to an outer surface 
of the vessel wall. 

22. The method of claim 19 wherein the step of delivering 
the drug comprises delivery of the drug into tissue suiround- 
ing the vessel wall. 

23. The method of claim 19 wherein the step of delivering 
the drug comprises the step of delivering a drug in a time 
release module. 

24. Tnc method of claim 19 wherem the delivery means 
includes said punauring clement having a drug delivery 
lumen and wherein the sicp of delivering the drug comprises 
delivering the drug tlL^ough the drug delivery lumen. 

25. The method of claim IX wherein said compartment 
inflates a predeicnranec amount to move said puncturing 
element a predelermincd distance. 

26. A dnig deliver^' device for treating a vessel having a 
vessel wall with an inner surface, the device comprising: 

an elongated catheter adapted to be inserted inlo the 
vessel; ^ 

said catheter coroprising a puncturing element having a 
retracted position in which said puncturing clement 
docs not puncture said vessel wall, at least a portion of 
said puncturing element being housed in a portion of 
said catheter when said puncturing element is in said 
retracted position; 

a restraint that contacts and holds said puncturing element 
in said retracted position; 

said puncturing element further having a puncturing posi- 
tion in which said puncturing element engages and 
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punctures said vcssc] wall, said piinclurinu clement 
being .subsianliaJly non-paraHel with respect to said 
portion of said caLtictcr when said puncnuing element 
is in said puncturing position, 

said puncluring clement autoraatically moving from said 
letracied position Lo said puncturing posilioa when said 
restraint is no longer being applied; and 

delivery means coupled to said caQtcter and deiivcring a 
drug through a puncture in the vessel wall 

27. The device defined in claim 26 wherein: 

said puncturing element furrher comprises a puncturing 
lip for puncturing said vessel wall when said punctur- 
ing clement is in said puncturing position; and 

said catheter further comprises a window through which 
said puncturing tip extends when said puncturing ele- 
ment is in said puncniring position. 

28. The device defined in clairc 26 wherein said catheter 
further comprises; 

an inflatable balloon coupled lo said catheter, and 
an inflation lumen extending through said catheter for 
delivering inflation fluid to said balloon, 

29. The device defined in daim 26 wherein: 

said puncturing clement further comprises an elongated 
shaft hanng a proumal and a distal end and on inner 
shaTl lumen, and a needle, attached lo said distal end of 
said shaft, haNdng an inner needle lumen which is in 
fluid comimunicalion with said inner shaft lumen; and 

said delivery means comprises said inner shaft luracn and 
said inner needle lumen. 

30. The device defined in claim 29 wherein said needle 
further comprises a puncturing tip for engaging and punc- 
turing said vessel wall when said puncturing element is in 
said puociuring position, 

31. The device defined in claim 30 wherein said punc- 
turing lip includes an opening in communication with said 
inner needle luaieu so ihaL fluid in said inner needle lumen 
can flow out of said tip opening. 

32. The device defined in claim 31 wherein side delivery 
means further comprises an injection device coupled ic said 
inner shaft lumen for injecting fluid through said inner shaft 

lumen. 

33. Tlie device defined in claim 30 wherein said punc- 
turing tip has a beveled edge for puncniring said vessel wali. 

34. The device defined in claim 26 wherein said punc- 
turing clement comprises a needle having a tip for punctur- 
ing said vessel wall. 

35. The device defined in claim 34 wherein: 

said needle is bent into a substantially U-shapc when said 
puncturing element is in said retracted position; and 

said needle is extended out to form £ predetermined angle 
when said needle is in said puncturing position. 

36. The device defined in claim 34 wherein: 

said needle is hem to a first prcde:ermined angle when 
said puncrur.ng clemeni h in said retracted position; 
and 

said needle is extended out to form a second predeter- 
mined angle when said needle i.s in said puncturing 
position. 

37. The device defined in claim 34 wherein said needle is 
subsiantially parallel with said portion of said catheter when 
said needie is in said retracted position, said needle also 
being substantially non-parallel with said portion of said 
catheter when said needle is in said puncturing position. 

38. A drug delivery device for treating a vessel having a 
vessel w'aii with an inner surface, the device co:uprising: 



14 



14 

an elongated catheter adapted to be inserted into the 
vessel. 

said catheter comprising a purxmrinf^ erement having a 
retracisd position in which said puncluring cbracni 
dues nol pujiciure said vessel wall, at least a portion of 
said puncturing elemeal b^ing housed in a portion of 
said catheter wher. said puncturing element is in said 
retracted position- 

said puncturing element further having a puncturing posi- 
tion in which said puncturing clcmcnl engages and 
punctures said vessel wall, said puncluring clement 
being substanlialiy non-parallel with respect to said 
ponion of said catheter when said puncturing element 
is in said pur.cturing position; 

a movable surface comprising an inflatable compartment 
coupled to said catheter and adjacent said puncturing 
element to contact and move said punuiurin^ clcmcnl 
from said retracted position to said puncturing position 
when s£id movable surface is moved toward said 
puncturing element. 

39. Tbc device of claim 38 wherein said movable surface 
is moved toward said puncmring element by inflating said 
inflatable coinpariinenL 

40. The device of claim 38 further compristng delivery 
means coupled to said catheter for delivering a drug outside 
the innei" surface of the vessel wall through a punatnc in liic 
vessel wall. 

41. The device defined in claim 40 wherein; 

said puncturing element further comprises a puncturing 
lip for puncmring said vessel wall when said punctur- 
ing element is in said puncturing position; and 

said caLheU;r further comprises a window through which 
said punclimng lip extends when said punctmitig de- 
ment is in said puncturing posilion. 

42. The device defined in clam 40 wherein: 

said inflatable compartment comprises an inflatable bal- 
loon; and 

an inflation lumen extends through said catheter for 
delivering inflation fluid to said balloon. 

43. The device defined in claim 40 wherein: 

said puncturing element further comprises an elongated 
shaft hasnng a proximal and a dista] end and an inner 
shaft lumen, and a needle» attached to said distal end of 
said shaft, ha\'ing an inner needle lumen which is in 
tiuid comraunicaiion with said inner shaft lumen; and 

said delivery means comprises said inner shaft lumen and 
said inner needle lumen. 

44. T\\& device defined in claim 43 wherein said needle 
further comprises a puncturing tip for engaging and punc- 
turing said vessel wall when said puncturing element is in 
said puncturing position. 

45. The device defined in claim 44 wherein said punc- 
turing tip includes an opening m communication with said 
inner needle lumt;n so that fiuid in said inner needle lumen 
can ilow out of said lip opening. 

46. The device defined in claim 45 wherein said deliver^' 
means further comprises dn injcciion device coupled to said 
inner shaft lumen for injecting fiuid ihrough said inner shnfi 
lum.en. 

47. The device defined in claim 46 wherein said pimc- 
turing tip has a beveled edge for puncturing said ve<?sel wall 

48. The device of claim 40 wherein said drug comprises 
an antiproliferative dmg for the treatment of restenosis. 

49. The device of claim 40 wherein said drug comprises 
ail antiproliferative drug lor the trcatmenl of vascular dis- 
ease. 
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50. The device of claim 40 wherein said drug comprises 
specific inhibitor of cellular prolifcralion. 

51. The device of cJaim 40 wherein said drug comprises 
specific inhibitor of thrombin. 5 

52. Tlie device of claim 40 wherein said drag comprises 
specific inhibitor of platelets. 

53. The device of claim 40 wherein said drug comprises 
genetic material. 
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54. The device of claim 40 wherein said drag comprises 
a genetic material that when incorporated into cells results ia 
the expression of therapeutic materials, 

55. The dexicc of claim 40 wherein said drug is incorpo- 
rated into a time released matrix, 

56. The device defined in claim 38 wherein said punc- 
turing element comprises a needle having a tip for punctur- 
ing said vessel wall 

***** 
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57. An intravascular therapeutic catheter comprising: 
an elongate catheter body having a distal portion; 

a tissue penetrating member disposed proximate the distal 
portion having a first non-penetrating position and a 
second tissue penetrating position; and 

an actuato r member disposed proxim ate the distal portion 
for moving the tissue penetrating member from one of 
the first or second positions to the other of the first 
or second positions^ the actuator adding energy to the 
tissue penetrating member as the t issue penetrating 
member moves from the first position to the second 
position . 

58. An intravascular therapeutic catheter as in claim 57^ 
wherein the actuator member comprises a balloon. 

59. An intravascular therapeutic catheter as in claim 57^ 
wherein the catheter body has a longitudinal axis^ and 
the tissue penetrating member moves along a 
substantially lateral path with respect to the axis. 

60. An intravascular therapeutic catheter as in claim 59, 
wherein the actuator member moves the tissue 
penetrating member a limited distance along the lateral 
path ■ 

61. An intravascular therapeutic catheter as in claim 57, 
wherein the actuator member moves the tissue 
penetrating member a limited distance, 

62. An intravascular therapeutic catheter as in claim 57 
wherein the tissue penetrating member includes a 
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^n,^-^-,T-;4-w r\'f r-\e=^f=^r\^ (=^pi(^h Hpedle coupled to the 






actuator means for simultaneous operation. 




63 . 


An i rn-r-p, vascular therapeutic catheter as in claim 


62 




whov^in Psrh needle of the tissue penetrating member 




includes a tip, the tip beveled at an angle. 




64 . 


An intravascular therapeutic catheter as in claim 


58 




further including: 




an 


nn^-T^-hion fluid source fluidly coupled to the balloon 




to fill the balloon, thereby addina energy to the 






tissue penetrating member. 




65. 


An intravascular therapeutic catheter as in claim 


57 




wherein the tissue penetrating member is a single 






needle . 




66. 


An intravascular therapeutic catheter as in claim 


65 




wherein the tissue penetrating member includes a 


tip 




beveled at an angle. 




57 . 


An intravascular therapeutic catheter as in claim 


57 


a 


further comprising 

fluid delivery lumen located in the catheter body 





extending from a proximal portion t o a position 
proximate the tissue penetrating member for deliv ering 
a fluid to the location of the tissue penetrating 
member . 



68. An intravascular therapeutic cat heter of claim 67 
further comprising: 
a fluid delivery lumen located in the tissue penetrat ing 
member coupled to the fluid delivery lumen located in 
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the catheter body for delivering a fluid through the 



tissue penetrating member. 

69. An intravascular therapeutic catheter of claim 68 
wherein the tissue penetrating member is a single 
needle having a tip, whereby fluid is delivered from 
the needle tip. 

70. An intravascular therapeutic catheter as in claim 57 
wherein : 

the tissue penetrating member is adapted for rotary 
motion about a pivot point between the first non- 
penetrating position and the second tissue penetrating 
position; and 

the second position is defined by maximum storage of 
energy in the tissue penetrating member thereby 
defining motion over a limited distance. 

71. An intravascular therapeutic catheter of claim 70 
wherein the actuator member includes: 

an inflation source connected to an inflation balloon 
located proximate the tissue penetrating member at a 
position near the pivot point for moving the tissue 
penetrating member with respect to the catheter body 
whereby the penetrating member moves from the first 
position to the second position. 

72. An intravascular therapeutic catheter as in claim 57 
wherein the actuator and the tissue penetrating member 
are integrally formed. 
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73. An intravascular therapeutic catheter as in claim 57 
wherein the actuator and the tissue penetrating member 
are separate parts - 

74. An intravascular therapeutic catheter comprising: 
an elongate catheter body having a distal portion; 

a tissue penetrating member disposed proximate the distal 
portion having a first non-penetrating position and a 
s econd tissue penetrating position; and 

an actuator member disposed proximate the distal portion 
for moving the tissue penetrating member from one of 
the first or second positions to the other of the first 
or second positions, the tissue penetrating member 
releasing stored energy as the penetrating member 
moves from the first position to the second position. 

75. An intravascular therapeutic catheter as in claim 74, 
wherein the first position of the penetrating member is 
a constrained position where the tissue penetrating 
member is located within a constraining lumen, and 
wherein the second position is an unconstrained 
position where the tissue penetrating member is not 
constrained by the constraining lumen. 

76. An intravascular therapeutic catheter as in claim 75, 
wherein the tissue penetrating member moves about a 
pivot point from the first position to the second 
position . 

77. An intravascular therapeutic catheter as in claim 74, 
wherein the tissue penetrating member moves from one of 
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the first or second positions to the other of the first 
or second positions about a pivot point. 

78. An intravascular therapeutic catheter of claim 74 
wherein : 

the tissue penetrating member is adapted for rotary 
motion about a pivot point between the first non- 
penetrating position and the second tissue penetrating 
position; and 

the second position is defined by complete release of the 
stored energy thereby defining motion over a limited 
distance . 

79. An intravascular therapeutic catheter of claim 78 

wherein the actuator member includes: 
a stylet connected to the tissue penetrating member at a 
position near the pivot point for moving the tissue 
penetrating member with respect to the catheter body 
whereby the penetrating member moves from the first 
position to the second position. 

80- An intravascular therapeutic catheter as in claim 74 

wherein the actuator and the tissue penetrating member 
are integrally formed. 

81. An intravascular therapeutic catheter as in claim 74 
wherein the actuator and the tissue penetrating member 
are separate parts. 

82. An intravascular therapeutic catheter comprising: 
an elongate catheter body having distal portion, and 

having an axis; 
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a tissue penetrating member disposed proximate the distal 
portion having a first non-penetrating position and a 
second tissue penetrating position and having a pivot 
point; and 

an actuator member disposed proximate the distal portion 
for moving the tissue penetrating member from one of 
the first or second positions to the other of the first 
or second positions about the pivot point. 

83. An intravascular therapeutic catheter as in claim 82^ 

wherein the actuator member moves the tissue 
penetrating member from a constraining lumen within the 
catheter ■ 

84. An intravascular therapeutic catheter as in claim 82 
wherein the actuator and the tissue penetrating member 
are integrally formed. 

85. An intravascular therapeutic catheter as in claim 82 
wherein the actuator and the tissue penetrating member 
are separate parts. 

86. An intravascular therapeutic catheter comprising: 

an elongate catheter body having a distal portion and an 
axis ; 

a tissue penetrating member disposed proximate the distal 
portion having a first non-penetrating position and a 
second tissue penetrating position; and 

an actuator member disposed proximate the distal portion 
for moving the tissue penetrating member from one of 
the first or second positions to the other of the first 
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or second positions in a substantially lat eral path 
with respect to the axis. 

87. An intravascular therapeutic catheter as in claim 86, 
wherein the actuator member comprises a ballo on located 
proximate the tissue penetrating member. 

88. An intravascular therapeutic catheter as in claim 86, 
wherein the actuator member moves the tissue 
penetrating member a limited distance. 

89. An intravascular therapeutic ca theter as in claim 86, 
wherein the actuator and the tissue p enetrating member 
are integrally formed. 

90. An intravascular therapeutic catheter as in claim 8 6, 
wherein the actuator and the tissue penetrating membe r 
are separate parts. 

91. An intravascular therapeutic catheter co mprising; 

an elongate catheter body having a distal portion and an 



axis ; 



a tissue penetrating member disposed proximate the distal 
portion having a first non-penetrating position and a 
second tissue penetrating po sition; and 

an actuator member disposed proximate t he distal portion 
for moving the tissue penetrating mem ber a limited 
distance from one of the first or second positions to 
the other of the first or second positions. 

92. An intravascular therapeutic catheter as in claim 91, 

wherein the actuator member comprises a balloon located 
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on the catheter body proximate the tissue penetrating 



member . 

93. An intravascular therapeutic catheter as in claim 91^ 
wherein the actuator member moves the tissue 
penetrating member along a lateral path with respect to 
a longitudinal axis of the catheter body. 



94 . 


An intravascular therapeutic catheter 


as in claim 


91. 




wherein the tissue penetrating member 


comprises a 






single needle. 








An m ura vascu-Lar Lnexapeuuxc cauneuer 


as m c_Laim 


Q 1 




wherein the tissue penetrating member 


comprises a 






plurality of needles. 






96. 


An intravascular therapeutic catheter 


as in claim 


91, 




wherein the tissue penetrating member 


is heated. 




97. 


An intravascular therapeutic catheter 


as in claim 


91, 




wherein the tissue penetrating member 


is cold. 




98. 


An intravascular therapeutic catheter 


as in claim 


91, 



wherein the tissue penetrating member is adapted for 
vibration, and whereby vibration of the needle 
facilitates therapy . 

99. An intravascular therapeutic catheter as in claim 91^ 
further comprising 
a f luid delivery lumen located in the catheter body 

extending from a proximal portion of the catheter body 
to a position proximate the tissue penetrating member 
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for delivering a fluid to the location of the tissue 
penetrating member. 

100. An intravascular therapeutic catheter a s in claim 91, 
wherein the tissue penetrating member comp rises a 
needle having a tip, the tip be ing beveled to 
facilitate tissue puncture. 

101. An intravascular therapeutic catheter as in claim 91 
wherein the actuator and the tissue penetrating member 
are integrally formed. 

102. An intravascular therapeutic cathet er as in claim 91 
wherein the actuator and the tissue penetrating member 
are separate parts. 

103. A method for treating cardiac tissue comp rising the 
steps of: 

providing an intravascular therapeuti c catheter having an 
elongate catheter body, an actu ator and a tissue 
penetrating member disposed proximate a distal portion 
of the catheter body, the tissue penetra ting member 
having a first non-penetrating position and a second 
tissue penetrating position; 

navigating the catheter through vasculature to a 
treatment site; and 

adding energy to the tissue penetrating memb er to move 
the tissue penetrating member from the first position 
to the second position. 

104. A method for treating cardiac tissue as i n claim 103 
wherein the catheter further comprise s an actuation 
balloon located proximate the tissue pen etrating member 
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for moving the tissue penetrating member; and wherein 
energy is added to the tissue penetrating member by 
inflating the actuation balloon. 

105. A method for treating cardiac tissue as in claim 103 
wherein the tissue penetrating member is movabl e along 
a substantially lateral path with r espect to a 
longitudinal axis of the catheter body from the first 
position to the second position. 

106. A method for treating cardiac tissue as in claim 105 
wherein the penetrating member is mova ble a limited 
distance along the lateral path. 

107. A method for treating cardiac tissue as in claim 1 03 
wherein the tissue penetrating member is movable a 
limited distance from the first position to the seco nd 
position . 

108. A method of treating cardiac ti ssue as in claim 103 
wherein the actuator and the tissue penetrating memb er 
are integrally formed. 

109. A method of treating cardiac tissue as in claim 103 
wherein the actuator and the tissu e penetrating member 
are separate parts. 



110. A method for treating cardiac tissue comp rising the 
steps of: 

providing an intravascular therapeutic catheter having an 
elongate catheter body, an actuat or and a tissue 
penetrating member disposed proximate a distal portion 
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of the catheter body, the tissue penetrat ing member 

having a first non-penetrating position and a second 

tissue penetrating position; 
navigating the catheter through vas culature to a 

treatment site; and 
releasing energy from the tissue penetrating mem ber to 

move the tissue penetrating member from the first 

position to the second position. 

111. A method for treating cardiac ti ssue as in claim 110 
wherein the intravascular therapeutic ca theter further 
comprises a restraint located prox imate the tissue 
penetrating member for retaining the tissue penetrating 
member in the first position; and wherein energy is 
released from the tissue penetrating membe r by moving 
the tissue penetrating member relative to the 
restraint . 

112. A method for treating cardiac tissue as in claim 111 
wherein the tissue penetrating member is movable about 
a pivot point from the first position to the second 
position, whereby the tissue penetrati ng member moves 
about the pivot point from the fir st position to the 
second position upon releasing energy from said tissue 
penetrating member. 

113. A m.ethod for treating cardiac tissue as in cla im 110 
wherein the tissue penetrating member is movable about 
a pivot point from the first posit ion to the second 
position, whereby the tissue penetrating member move s 
about the pivot point from the first position to the 
second position upon releasing energy from said t issue 
penetrating member. 
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114 A method of treating cardiac tissue as in claim 110 

wherein the actuator and the tissue penetrating member 
are integrally formed. 



115. A method of treating cardiac tissue a s in claim 110 
wherein the actuator and the tissue penet rating member 
are separate parts. 

116. A method for treating cardiac tissue comp rising the 
steps of; 

providing an intravascular therapeutic catheter having an 
elongate catheter body, an actuat or and a tissue 
penetrating member disposed proximate a distal portion 
of the catheter body, the tissue penetrati ng member 
having a pivot point, a first non-penetrating p osition 
and a second tissue penetrating position; 

navigating the catheter through va sculature to a 
treatment site; and 

moving the tissue penetrating member from one of th e 

first or second positions to the other o f the first or 
second positions about the pivot point. 

117. A method for treating cardiac tissue as in claim 116 
wherein the tissue penetrating member i s restrainable 
in a restraint lumen; and wherein the step of moving 
the tissue penetrating member further co mprises moving 
the tissue penetrating member from the r estraint lumen 
whereby the tissue penetrating member moves from on e of 
the first or second positions to the other of the first 
or second positions about the pivot point. 



29 



118. A method of treating cardiac tissue as in claim 116 



wherein the actuator and the tissue penetrating member 
are integrally formed. 

119. A method of treating cardiac tissue as in claim 116 
wherein the actuator and the tissue penetrating member 
are separate parts. 

120. A method for treating cardiac tissue comprising the 
steps of: 

providing an intravascular therapeutic catheter having an 
elongate catheter body, an actuator and a tissue 
penetrating member disposed proximate a distal portion 
of the catheter body;, the tissue penetrating member 
having a first non-penetrating position and a second 
tissue penetrating position; 

navigating the catheter through vasculatur e to a 
treatment site; and 

moving the tissue penetrating member from one of the 

first or second positions to the other of the first or 
second positions in a substantially lateral path with 
respect to a longitudinal axis of the catheter body. 

121. A m.ethod for treating cardiac tissue as in claim 120 
wherein the catheter further comp rises an actuation 
balloon located proximate the tissue penetrating 
member; and wherein the step of moving the tissue 
penetrating member is performed by inflating the 
actuation balloon . 

122. A method for treating cardiac tissue as in c laim 120 
wherein the tissue penetrating member is moved a 
limited distance along the substantially lateral path. 
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123. A method of treating cardiac tissue as in claim 120 

wherein the actuator and the tissue penetrating member 
are integrally formed. 

124 A method of treating cardiac tissue as in claim 120 

wherein the actuator and the tissue penetrating member 
are separate parts. 

125. A method for treating cardiac tissue comprisi ng the 
steps of: 

providing an intravascular therapeutic catheter having a n 
elongate catheter body, an actuator and a tissue 
penetrating member disposed proximate a distal portion 
of the catheter body, the tissue penet rating member 
having a first non-penetrating position and a second 
tissue penetrating position; 

navigating the catheter through vasculature to a 
treatment site; and 

moving the tissue penetrating member a limi ted distance 
from one of the first or second positio ns to the other 
of the first or second positions. 

126. A method for treating cardiac tissue as in claim 125 
wherein the catheter further comprises an a ctuator 
balloon located proximate the tissue penetrating 
member; and wherein the step of moving t he tissue 
penetrating member is performed by inflat ing the 
actuation balloon. 

1 27. A method for treating cardiac tissue as in claim 126 
wherein the tissue penetrating member is mov ed along a 
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lateral path with respect to a longitudina l axis of the 
catheter body. 



12 8 A method of treating cardiac tissue as in claim 125 

wherein the actuator and the tissue penet rating member 
are integrally formed. 

129. A method of treating cardiac tissue a s in claim 125 
wherein the actuator and the tissue penet rating member 
are separate parts. 

130. A m.ethod for treating cardiac tissue c omprising the 
steps of: 

providing an intravascular catheter of the type having a n 
elongate catheter body and a tissue penet rating member 
disposed proximate a distal portion of the catheter 
body, the penetrating member having a first non- 
penetrating position and a second tissue penetrating 
position; 

navigating the catheter through vasculature to a 

treatment site; 
moving the tissue penetrating member fro m one of the 

first or second positions to the other of the first or 

second positions; and 
delivering a drug to the treatment site wherein t he drug 

is selected from the group consisting of: a peptide, a 

protein and a fragment thereof. 

1 31. A method for treating cardiac tissue as i n claim 130, 
wherein the drug is recombinant. 

132. A method for treating cardiac tissue comprising the 
steps of: 
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providing an intravascular catheter of the type having an 
elongate catheter body and a tissue penetrating member 
disposed proximate a distal portion of the catheter 
body, the penetrating member having a first non- 
penetrating position and a second tissue penetrating 
position; 

navigating the catheter through vasculature to a 

treatment site; 
moving the tissue penetrating member from one of the 

first or second positions to the other of the first or 

second positions; and 
delivering a drug comprising a genetic mat erial to the 

treatment site. 

133 A method for treating cardiac tissue as in claim 131 
wherein the genetic material, when incorporated into 
the tissue, results in the expression of therapeutic 
materials . 

134. A method of treating cardiac tissue as in claim 132 
wherein the cardiac tissue comprises ischemic tissue. 

1 35. A method of treating cardiac tissue as in claim 132 
wherein the cardiac tissue comprises an artery. 

136. A method of treating cardiac tissue as in claim 135 
wherein the artery is subject to stenosis or 
restenosis . 

137. A method of treating cardiac tissue as in claim 135 
wherein the cardiac tissue is subject to 
atherosclerosis. 
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138. A method of treating cardiac tissue as in claim 132 
wherein the cardiac tissue is diseased. 

139. A method of treating cardiac tissue as in claim 132 
wherein the drug is delivered outside the wall of a 
coronary vessel. 

140. A method for treating cardiac tissue comprising the 
steps of: 

providing an intravascular catheter of the type having an 
elongate catheter body and a tissue penetrat ing member 
disposed proximate a distal portion o f the catheter 
body, the penetrating member having a first non- 
penetrating position and a second tissue penetrating 
position; 

navigating the catheter through vascula ture to a 

treatment site; 
moving the tissue penetrating member fro m one of the 

first or second positions to the other of t he first or 

second positions; and 
delivering a drug to the treatment site wher ein the drug 

is selected from the group consisting of ; heat shock 

protein, a hormone, ATP, an ATP precurso r, glucose, and 

a metabolic intermediate. 

141. A method for treating cardiac tissue as in claim 140, 
wherein the drug provides a cardiopro tective effect. 

142. A method for treating cardiac tissue compri sing the 
steps of: 

providing an intravascular catheter of the type having an 
elongate catheter body and a tissue penetrat ing member 
disposed proximate a distal portion of the catheter 
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body, the penetrating member having a first non- 
penetrating position and a second tissue penetrating 
position; 

navigating the catheter through vascuiature to a 

treatment site; 
moving the tissue penetrating member from one of the 

first or second positions to the other of the first or 

second positions; and 
delivering a drug comprising glycoprotein or a fragment 

thereof to the treatment site. 



143. A method for treating cardiac tissue comprising the 
steps of: 

providing an intravascular catheter of the type having an 
elongate catheter body, a tissue penetrating member 
disposed proximate a distal portion of the catheter 
body, the penetrating member having a first non- 
penetrating position and a second tissue penetrating 
position, and further having an actuator member 
disposed proximate a distal portion of the catheter 
body for moving the tissue penetrating m ember from one 
of th e first or second positions to the other of the 
first or second positions; 

navigating the catheter through vasculature to a 
treatment site; 

actuating the tissue penetrating member w hereby the 

tissue penetrating member moves from one of the first 
or second positions to the other of the first or second 
positions; and 

delivering a drug to the treatment site wherein the drug 
is selected from the group consisting of: a peptide, a 
protein and a fragment thereof. 



35 



14 4 . A method of treating cardiac tissue as in claim 143 

wherein the actuator and the tissue penetrating member 
are integrally formed. 

145. A method of treating cardiac tissue as in claim 143 
wherein the actuator and the tissue penetrating member 
are separate parts. 

146. A method for treating cardiac tissue as in claim 143, 
wherein the peptide, protein or fragment thereof is 
recombinant . 

1 47. A method for treating cardiac tissue comprising the 
steps of: 

providing an intravascular catheter of the ty pe having an 
elongate catheter body, a tissue penetrating member 
disposed proximate a distal portion of the catheter 
body, the penetrating member having a first non- 
p enetrating position and a second tissue penetrating 
position, and further having an actuator member 
disposed proximate a distal portion of the catheter 
body for moving the tissue penetrating member from one 
of t he first or second positions to the other of the 
first or second positions; 
navigating the catheter through vasculature to a 

treatment site; 
actuating the tissue penetrating member whereby the 

tissue penetrating member moves from one of the first 
or second positions to the other of the first or second 
positions; and 
delivering a drug comprising a genetic material to the 
treatment site. 
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148 . A method of treating cardiac tissue as in claim 147 
wherein the actuator and the tissue penetrating member 
are integrally formed. 

149. A method of treating cardiac tissue as in claim 147 
wherein the actuator and the tissue penetrating member 
are separate parts. 

150. A method for treating cardiac tissue as in claim 147 
wherein the genetic material, when incorporated into 
the tissue, results in the expression of therapeutic 
materials . 

151. A method for treating cardiac tissue comprising the 
steps of: 

providing an intravascular catheter of the ty pe having an 
elongate catheter body, a tissue penetrating member 
disposed proximate a distal portion of the catheter 
body, the penetrating member having a first non- 
p enetrating position and a second tissue penetrating 
position, and further having an actuator member 
disposed proximate a distal portion of the catheter 
body for moving the tissue penetrating member from one 
of the first or second positions to the other of the 
first or second positions; 

navigating the catheter through vasculature to a 
treatment site; 

actuating the tissue penetrating member whereby the 

tissue penetrating member moves from one of the first 
or second positions to the other of the first or second 
positions ; and 
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deli vering a drug to the treatment site wherein the drug 
is sel ected from the group consisting of: heat shock 
protein, a hormone, ATP, an ATP precursor, glucose, and 
a metabolic intermediate. 

152. A method of treating cardiac tissue as in claim 151 
wherein the actuator and the tissue penetrating member 
are integrally formed. 

1 53. A method of treating cardiac tissue as in claim 151 
wherein the actuator and the tissue penetrating member 
are separate parts. 

154 A method for treating cardiac tissue as in claim 151, 
wherein the drug provides a cardioprotective effect. 

155. A method for treating cardiac tissue comprising the 
steps of: 

providing an intravascular catheter of the typ e having an 
elongate catheter body, a tissue penetrating member 
disposed proximate a distal portion of the catheter 
body, the penetrating member having a first non- 
penetrating position and a second tissue penetrating 
po sition, and further having an actuator member 
disposed proximate a distal portion of the catheter 
body for moving the tissue penetrating member from one 
of the first or second positions to the other of the 
first or second positions; 

navigating the catheter through vasculature to a 
treatment site; 

actuating the tissue penetrating member whereby the 

tissue penetrating member moves from one of the first 
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or second positions to the other of the first or second 
positions; and 

delivering a drug comprising a glycoprotein or a fragment 
thereof to the treatment site. 

156. A method of treating cardiac tissue as in claim 155 
wherein the actuator and the tissue penetrating member 
are integrally formed. 

157. A method of treating cardiac tissue as in claim 155 
wherein the actuator and the tissue penetrat ing member 
are separate parts. 

158. A method for treating cardiac tissue as in cl aim 155, 
wherein the drug is recombinant. 

159. A method for treating cardiac tissue as i n claim 142, 
wherein the drug is recombinant. 

160. A method of treating cardiac tissue as i n claim 132 
wherein the cardiac tissue comprises pericardium. 

161. A method of treating cardiac tissue as in claim 132 
wherein the cardiac tissue comprises endocardium. 

162. A method of treating cardiac tissue as in c laim 132 
wherein the cardiac tissue comprises myocardium. 
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